Effectiveness, cost-efficiency and distribution issues are crucial for any form of future regulation. This results in the need for reliable instruments to assess regulations ex ante. Elasticities are key parameters for such instruments. We consistently estimate substitution elasticities for a three level nested CES KLEM production structure on the basis of non-linear least squares estimation procedures. Thereby we take advantage of the new World-Input-Output Database. This allows us for the first time to use one consistent dataset for the estimation process and gives us the opportunity to derive elasticities from the same data which researchers can use to calibrate their simulations. Our results show that compared to standard linear estimations using Kmenta approximations, non-linear estimation techniques perform significantly better. Moreover, during the time period we consider, no significant change in input substitutability takes place over time. Furthermore, we demonstrate that the common practice of using Cobb-Douglas or Leontief production functions in economic models must be rejected for the majority of sectors. In response to this result, we provide a comprehensive set of consistently estimated substitution elasticities covering 35 sectors.
I. INTRODUCTION
Many of today's challenges require regulative interventions by policymakers. As a consequence, researchers as well as policymakers are discussing worldwide how polices should be designed to deal with a designated problem. From an economic perspective, environmental effectiveness, distribution issues and cost-efficiency are crucial for any form of future regulation. This hold particularly true in times of turbulent economic outlook and scarce financial resources. Ultimately, this results in the need for capable and above all reliable instruments to asses environmental motivated regulation ex ante. In modern applied economics and most notably in the field of environmental and climate policy, Computable General Equilibrium (CGE) models have proven to be one of the leading instruments to evaluate alternative policy measures (Devarajan and Robinson , 2002; Böhringer et al. , 2003; Sue Wing , 2004) . As is true also for other policy-oriented models, elasticities are key parameters for CGE models since they are crucial for determining the comparative static behaviour and thereby strongly influence the results of any counterfactual policy analysis undertaken with the help of these models (Dawkins et al. , 2001) . A good illustration of this is provided by Jacoby et al. (2006) , who perform a sensitivity analysis of structural parameters of their MIT-EPPA model. They conclude that assumptions with respect to technical progress and in particular elasticities of substitution between energy and value added are the main drivers of model results. But despite the central role of elasticities within the framework of applied quantitative simulations, the current situation of elasticities is rather unsatisfying and although the lack of adequate elasticities has been acknowledged for a surprisingly long time (Mansur and Whalley , 1984; Dawkins et al. , 2001) the problem seems to persist. This holds particularly true for the constant elasticity of substitution (CES) framework commonly employed in CGE modelling and substitution elasticities (Okagawa and Ban , 2008) . In this context, only few consistent estimates of the required elasticities exist. Those available are limited to a narrow set of sectors, rely on a combination of data from different sources, build on standard linear estimation procedures or focus on the substitutability between specific production inputs. Moreover their results are in parts contradictory. Examples of studies having estimated substitution elasticities designated for the use in quantitative models building on a CES framework are Kemfert (1998) , Balistreri et al. (2003) , van der Werf (2008) and Okagawa and Ban (2008) . Kemfert (1998) studies whether the CES framework is adequate to characterise the German industry and estimates the substitution elasticities between capital, energy and labour inputs for three CES production functions, each having a different nesting structure. Her findings suggest that CES production functions, ideally having a (KL)E nesting structure, can be used to describe Germany's industrial production behaviour. Balistreri et al. (2003) focus on the input substitutability between capital and labour and estimates the respective substitution elasticity for 28 US sectors. For the majority of sectors their results support the usage of Cobb-Douglas specification in the nest including capital and labour. van der Werf (2008) supplies estimated parameters for a set of two-level nested CES function with capital, labour and energy as inputs. Regarding substitution elasticities he also comes to the conclusion that the usage of a (KL)E nesting structure is justified and criticises the widespread use of Cobb-Douglas functions as his results imply that substitution elasticities are commonly smaller than one. Okagawa and Ban (2008) estimate CES production functions using panel data from the EU KLEMS dataset. They argue that higher values for substitution elasticities are closely related to energy inputs for energy-intensive industries. Moreover, according to them, substitution elasticities for other sectors are commonly overestimated in existing climate policy models. Resulting from the lack of adequate estimates, modellers frequently feel impelled to employ in their models elasticities from various originally unrelated sources, thereby exposing themselves to criticism with respect to the usage of potentially inconsistent parameters estimates. Another issue regarding the problematic usage of elasticity estimates in CGE models relates to the inappropriate usage of elasticities and the conceptual mismatch between the estimation results and the policy experiment explored in the CGE framework. McKitrick (1998) for example deplores the usage of elasticities estimated for commodity classifications which are in disaccord with those represented in the model or for countries the model does not cover. Browning et al. (1999) in turn highlight the difficulties possibly arising due to the mismatch of definitions, for instance the disregard of the differences between short-term and longterm substitution elasticities. In some extreme cases, when estimates are not available altogether, modellers even resort to the usage of rather arbitrary values. In this regard Dawkins et al. (2001) most fittingly term the frequent usage of elasticities of unity the "idiot's law of elasticities" or the usage of rather arbitrary values as "coffee table elasticities". In this paper we seek to contribute to the solution of this problem and aim at overcoming the lack of adequate estimates. To this end, we consistently estimate substitution elasticities specifically for the usage in CGE models building on CES production functions. In the process we take advantage of the new World Input-Output Database (WIOD). More specifically, we estimate elasticities of substitution for the well-established three level nested KLEM production structure on the basis of different non-linear least squares estimation procedures. Thereby, the new WIOD database allows us for the first time to use one consistent dataset for the estimation process and gives us the opportunity to derive elasticities from the same data which researchers can use to calibrate their simulations. The remainder of this paper is organised as follows. After presenting in Section II the production structures for which the elasticities of substitution are estimated, we describe the data and outline the estimation procedure in Section III. The estimation results are presented and discussed in Section IV. Finally, we summarise and conclude in Section V
II. SPECIFICATION OF PRODUCTION STRUCTURES
Not only in general equilibrium models but also in other economic applications with a micro-consistent basis, so called Constant Elasticity of Substitution (CES) functions have become very popular among programmers. The question to what extent factors of production are substitutable in a production process has become a main issue of economic research. It originates in the fundamental work of Solow (1956) . Solow has considered three cases of production functions. He called the first "Harrod-Domar" (Solow , 1956, p. 73) with an elasticity of substitution equal to zero, the "Cobb-Douglas" case (Solow , 1956, p. 76) with an elasticity of one and a third, not explicitly named possibility with a flexible elasticity (Solow , 1956, p. 77 ). Solow elaborated the idea of CES production functions concept for the first time, and, five years later, together with his co-authors (Arrow et al. (1961) ) he conceptualized the general form of the two-factor constant-elasticity-of-substitution (CES) production function (see e.g. Klump and de La Grandville (2000) ). This new-developed CES production function can be seen as a generalization of the two older concepts of the Harrod-Domar-Leontief production function, which is based on the assumption that there is no substitutability between factors, and the Cobb-Douglas production function, which assumes unitary factor substitution elasticity. Since the introduction of the CES production function in 1956, a multitude of extensive studies on the elasticities of substitution between production inputs have been published. One of the latest analysis is in this regard is the work of León-Ledesma et al. (2010) , who investigate if a simultaneous identification of the capital-labour substitution elasticity and the direction of technical change is feasible. For the n-input case the basic CES function takes the form:
where y is the output,
α i is the distribution parameter related to input i, γ ≥ 0 represents the efficiency parameter and ρ = 1−σ σ the substitution parameter whereas σ = 1 1+ρ ≥ 0 gives the elasticity of substitution and ρ ≥ −1 must hold. But in such a basic CES framework the production structure is limited to feature equal substitution elasticities between all inputs. To overcome this Sato (1967) extended the CES functional form and suggests the usage of nested CES functions. The general idea behind Sato's approach is to construct a separate CES function for each group of inputs that share the same substitution elasticity and to combine the different CES functions in different levels or nests of the overall CES function. This allows to easily implement even complicated production structures and is one of the main advantages of the CES functional form. Following Sato a four-input three-level nested CES function can be specified as:
where α n and ρ n are the distribution and substitution parameters on the n-th nest of the CES function. Moreover, the basic CES functional form can easily be extended to be able to account for technological change in the CES framework. In this spirit, for example Henningsen and Henningsen (2011) suggests the CES function
to account for Hicks-neutral technological change and the CES function
to incorporate factor augmenting (non-neutral) technological change. In both equations t is a time variable and λ ≥ 0 is the rate of technological change, although in the case of factor augmenting technological change λ i is specific for input i. In the estimation exercise in this paper, we focus on estimating elasticity of substitutions for a three-level CES approach including the inputs capital (K), labour (L), energy (E) and other intermediates (M). Besides, during our analysis we concentrate on a ((KL) E) M nesting structure. This structure is probably the most popular CES form employed in CGE models evaluating environmental and climate policy and has been confirmed to be a good approximation of the production behaviour in several studies (e.g. Kemfert , 1998; van der Werf , 2008) . With regard to technological progress, we estimate two specifications, one including Hicks-neutral technological change and one on condition that λ = 0. 1 A three-level CES nesting structure with capital and labour in the lowest nest, where energy joins the capital-labour composite in the middle nest and intermediates enter in the top nest has the functional form:
III. DATA AND ESTIMATION PROCEDURE

A. Data
For our analysis we make use of the World Input-Output Database (WIOD). 2 The WIOD database has been constructed on the basis of national accounts data and harmonisation procedures were applied in order to ensure international comparability 1 In practice, however, it is sometimes hard to distinguish between factor price induced innovation (technological change) and factor substitution. Suppose for example the "putty-clay" situation where a firm is unable to substitute factors for each other in the short run, for instance because of high costs of changing the production technology, and also research and development takes time so that factor input relations remains constant despite changing relative input prices. (von Weizsäcker , 1966, p. 245) argues that in such a case "[...] substitution takes time and it can therefore not strictly be distinguished from technical progress." Salter (1966) arrives at even a stronger conclusion, stating that "it is simply a matter of words whether one terms new techniques of this character inventions or a form of factor substitution" (Salter , 1966, p. 43 ).
2
The WIOD database is are available at http://www.wiod.org. We use data from December 2011 in this paper.
of the basic data. The dataset covers 40 regions (27 EU countries and 13 other major countries), which together account for approximately 85 % of world's GDP in 2006. The WIOD data is disaggregated in 35 industries and provides detailed information on primary (raw materials), secondary (manufacturing) as well as tertiary (services) sectors. In addition, it offers annual data which ranges from 1995 to 2006 and in parts to 2009. Beside its broad country coverage, detailed sectoral disaggregation and time period character, the dataset has another important feature: it covers various aspects of economic activity and for example involves accounts for energy and environmental issues or socioeconomic and bilateral trade data. Employing the WIOD dataset in our estimation process involves three main benefits. We can estimate substitution elasticities using one consistent dataset and do not have to merge potentially incompatible data. The comprehensive sectoral coverage of WIOD allows us to estimate substitution elasticities for a broad set of sectors. Last but not least, for the first time we can derive elasticities from the same data which researchers can use also to calibrate their simulations. In our analysis, we use in particular the WIOD Socio-Economic Accounts (SEA files) and the WIOD Energy Use tables (EU files). Taken together, they form a balanced panel covering 40 regions and 35 sectors over a period of 12 years (1995 to 2006) and include detailed information on production in-and outputs. More specifically WIOD supplies us with data regarding the number of employees for the variable labour L, gross value added at basic prices for the variable value added VA, intermediate inputs at purchasers' prices for the variable materials M, gross energy use for the variable energy E and gross output at basic prices for the variable output Y. But WIOD does not include the capital stock information required four our estimation. Generally, the Achilles' heel of any empirical investigation of capital and labour substitutability is the capital stock variable. That is because it is usually hard to obtain reliable (physical) capital stock data from official sources, especially when requiring the data for a comprehensive set of regions and sectors. Unfortunately, to this regard WIOD is no exception. However, WIOD nevertheless offers a solution to circumvent this problem. It supplies quantity indices for physical capital stocks and information on gross fixed capital formation for each country, sector and year. We use this information in order to construct our own capital stock data using the perpetual inventory method (e.g. Caselli , 2005) . 3 We are fully aware of the problem that the construction of own capital stock data and using it subsequently in our analysis is not the first best solution. Therefore we check very carefully the consistency and robustness of the capital stock data we construct and compare our estimates with the capital stock data provided in the Extended Penn World Tables 3.0 (Marquetti and Foley , 2008) . The correlation of our estimate with the data from the EPWT 3.0 is 0.9235. Hence we are convinced that our estimated values are sufficiently reliable. For the estimation, all monetary values have been transformed to U.S. Dollars using 3 At large, the perpetual inventory method consists of two steps. First, one estimates the initial capital stock
, where I 0 is the value of the investment series (in our case gross fixed capital formation in the first year (e.g. 1995 for many countries), g is the average geometric growth rate for the investment series, and δ the depreciation rate. We arbitrarily set the denominator to (g − δ) = 0.05 = 5%, although different values will not affect the outcome significantly (Caselli , 2005) . Next one applies a modified version of the perpetual equation K t = I t + K t−1 · (1 − δ) by using the sectoral and regional quantity indices in order to finally construct the capital stocks.
the Penn World Table (Heston et al. , 2011) and are reported at 1995 prices. Energy is in Terajouls. Labour is given in thousand persons. Table I gives an overview of the variables used in the estimation process. A complete list of the regions and sectors covered by this analysis is given in the Appendix. (Kmenta , 1967) has been very popular. However, the original CES function cannot be linarised analytically and using approximation methods to linearise the CES function can have drawbacks. Kmenta (1967) himself notes that if in the production function under investigation the input ratio as well as the elasticity of substitution are either very high or very low, his approximation method may not perform well. Maddala and Kadane (1967) and Thursby and Lovell (1978) confirm this problem and shows that the standard Kmenta procedure may not lead to reliable estimates of parameters in a CES framework.
To avoid issues related to Kmenta approximations without having to use cumbersome non-linear estimation procedures, researchers also make use from the cost function approach (e.g. van der Werf , 2008; Okagawa and Ban , 2008) . Thereby one can take advantage of the cost function associated with a specific production function and derive a linear system of equations from the corresponding optimal input demand. This can subsequently be used be used to estimate the function coefficients in question. But this approach requires comprehensive price data, which in most cases is rather difficult to come by, especially when undertaking sector specific analysis. In contrast to the majority of other studies investigating the substitutability of inputs within a CES production structure, we estimate substitution elasticities directly from the CES production function and primarily building non-linear least-squares estimation procedures. Thereby we employ a set of different optimisation algorithms, namely the Levenberg-Marquardt algorithm (LM) (Marquardt , 1963) , PORT routines (Gay , 1990) , the Differential Evolution algorithm (DE) (Storn and Price , 1997; Price et al. , 2005) , Nelder-Mead routines (NM) (Nelder and Mead , 1965) , the Simulated Annealing algorithm (SANN) (Kirkpatrick et al. , 1987; Cerny , 1985) and the so called BFGS algorithm (Broyden , 1970; Fletcher , 1970; Goldfarb , 1970; Shanno , 1970) . In some estimation runs we make use of starting values compiled by means of a preceding grid search for the substitution parameter ρ involving LM. 4 A detailed overview of all the estimations we run is given in Table X in the Appendix. However, after having shown that except for SANN and DE our results are robust with regard to the choice of the employed optimisation algorithm, we continue our analysis on the basis of the estimation process producing the best fit to the our data. Id est estimations relying on LM and PORT with starting values. For the actual estimation process we use the programming environment R with the package micEconCES developed by Henningsen and Henningsen (2011) . But the micEconCES package in its current version only allows to estimate parameters for a two-level nested CES production function. Yet we would like to derive the substitution elasticities for a three-level nested CES function. To overcome this limitation, we benefit from the separability implied by the CES framework and split the originally three-level nested KLEM CES function we would like to investigate given by Equation (5) into two individual CES functions. Accordingly we estimate the substitution elasticities first for the non-nested CES function
with the substitution elasticity σ KL = 1 1+ρ KL . Subsequently we do the same for the two-level CES function
with the substitution elasticities σ KLE = 1 1+ρ KLE and σ KLEM = 1 1+ρ KLEM . Taken together, Equation (7) and Equation (8) represent the overall CES function in question, whereas, as already indicated by Equation (5), Equation (7) is the bottom nest and Equation (8) corresponds to the middle and upper nests of the production function under investigation. The substitution elasticities are estimated specifically for each of the 35 sectors available in the WIOD dataset. Thereby, we pool all sectoral data across all regions. As indicated by Equation (7) and (8), initially we assume that elasticities are constant over time. Hence, in our setting technological progress can only take place through changes in overall productivity. Though, this assumption is relaxed at a later stage. 5
IV. ESTIMATION RESULTS
Unsurprisingly the estimates for the substitution parameters ρ KL , ρ KLE and ρ KLEM and hence for σ KL , σ KLE and σ KLEM differ across different estimation methods. But all in all and in view of the respective standard errors, deviations are rather minor. Nevertheless we observe a small divergence between gradient-based local opimisation algorithms (BFGS, LM and PORT) and algorithms targeting global minima (e.g. NM). Robustness across estimation techniques decreases for smaller estimated values of ρ KL , ρ KLE and ρ KLEM and increases when adequate starting values from a prior grid search are used in the estimation process. The SANN and DE technique however are exceptions and lead to notable different results in several cases, mainly suggesting smaller values for ρ KL , ρ KLE and ρ KLEM than other methods. Convergence is tends also to be ann issue when applying these solvers. Given the overall robustness of the different estimations, we choose to continue our analysis on the basis of only one estimation process. Evaluated on the basis of R-squared, the estimations relying on PORT routines and to a slightly smaller extent those using the LM and BFGS methodologies perform best. Without starting values from a preceding grid search, SANN generates the poorest fit. When using starting values, DE appears to be the least powerful method. Furthermore, by the same measure, estimations using starting values from a preceding grid search generally have a better fit than estimations without. This holds true for the investigation of Equation 7 as well as for Equation 8. Given the benefit of the usage of starting values and on the whole very similar estimation results, in the following we focus on the estimations with the best fit to the data, id est estimations relying on PORT routines and which use starting values. The corresponding estimation results for the substitution parameter ρ are summarised in Table II . Note that for the middle and top nest of sector 5 we do not achieve convergence for any acceptable convergence criteria. For this reason the respective estimates are put in brackets and we do not report the corresponding standard deviation. Moreover, for sector 20 ρ KL < 1 and hence violates the basic assumptions of the standard CES framework which requires σ ≥ 0 respectively ρ ≥ −1. While so far we have applied an unrestricted estimation approach, this indicates the need to incorporate the three parameter constraints implied by the CES framework γ > 0, 0 ≥ α ≥ 1 and σ ≥ 0 into our estimations. Table III summarises the results for ρ when applying the restricted estimation. The corresponding results for σ are given in Table XI in the Appendix. For obvious reasons the fit for the restricted model is not as good as before. Also the fact that for some estimates standard errors are disproportionate, in particular for such sectors in which the CES side constraints now incorporated in the estimation appear to be binding, indicates that the restricted estimation only provides a poor fit for some estimation structures. However, as for the big majority of sectors and nests our estimation results seem to be reliable and as the usage of of CES functions has proven to be very popular in particular in CGE models, we proceed with our estimation process and continue including the constraints on γ, α and σ. Next we investigate whether the common simplification of using Cobb-Douglas or Leontief functions in CGE models can be rejected by our estimation results. Table IV presents our findings to this regard. For all three nests the assumption of a Cobb-Douglas function (σ KL = 1, σ KLE = 1 or σ KLEM = 1) can be dismissed for almost all sectors. A similar picture emerges for the assumption of a Leontief functional form (σ KL = 0, σ KLE = 0 or σ KLEM = 0). To be exact, in the bottom nest neither the Leontief nor the Cobb-Douglas framework can be rejected for the sectors 26, 28 and 32. While in the middle nest the assumption of a Leontief-like production structure can not be discarded for the sectors 2, 7, 10, 11, 12, 13, 19, 27 and 30, a Cobb-Douglas production function can not be excluded in the sectors 2, 7, 10, 11, 12, 16, 21, 27 and 30 . A Leontief framework in the top nest can be rejected for all sectors. In the same the Cobb-Douglas production structure can only not be discarded for sector 14. Overall, this suggest that a simplified approach to the choice of substitution elasticities including only Cobb-Douglas or Leontief production functions is not appropriate and will eventually lead to misguiding results of any counterfactual analysis. Table V compares the result of our estimations to the findings of Okagawa and Ban (2008) , van der Werf (2008) and Kemfert (1998) . It must be noted however that for several reasons a direct comparison of the results is difficult. First, non of the studies uses the same data. Second, all of researchers undertake estimations for a different set of sectors. Hence their findings can only be compared on the basis of a specific (possibly arbitrary) sectoral mapping. Third, Okagawa and Ban (2008) as well as Kemfert (1998) do not supply information on the standard error of their results. Fourth, the studies employ different estimation techniques. As a consequence we can not truly test whether our results differ from their findings. Nevertheless, keeping this in mind, we can observe that for a majority of sectors our estimates for σ KL and σ KLEM tend to be higher than the substitution elasticities supplied by Okagawa and Ban , although this does not hold true for our estimate of σ KLE . Compared to the elasticities derived by van der Werf (2008) or Kemfert (1998) , our estimates seem not to be systematically smaller or bigger. Besides the more fundamental issues mentioned above, there are potentially several reasons for the differences between our estimates and those from other studies. Our data may not be up to the task or our choice of instruments as illustrated in I is inappropriate. However, as Okagawa and Ban (2008) , van der Werf (2008) as well as Kemfert (1998) use similar data and instruments, these issues do not immediately suggest themselves as the main reasons for the deviations. Alternatively, the differences may arise due to the usage of different estimation approaches, in particular with regard to linear or and non-linear estimation techniques. In effect, while Okagawa and Ban (2008) , van der Werf (2008) and Kemfert (1998) estimate substitution elasticities using a linear estimation process, the elasticities derived in this paper stem from a non-linear estimation process using the original functional form of a CES production function.
Sector Kemfert (1998) To test whether in our setting a linear estimation approach would yield different results, we once more estimate the substitution elasticities for σ KL . But this time use a standard linear least-squares estimation process by applying Kmenta approximations to Equation 7. Subsequently we contrast the results of this estimation with the results of a non-linear estimation process. For the non-linear estimation process we focus on an application using unrestricted LM algorithms and PORT routines with starting values from a preceding grid search, as these methods have proven to be robust and advantageous with regard to low values of sum of squared residuals. However, in contrast to the previous estimation exercises in this paper, this time we do not account for technological change because the Henningsen and Henningsen (2011) implementation of the Kmenta methodology does currently not support this and hence the findings of the estimations would else not be comparable. Table VI summaries the results of the three estimations and contrasts their findings. Apart of few exceptions, estimates for ρ KL using the non-linear estimation techniques are higher than those relying on the standard linear estimation approach using Kmenta approximations. As noted in Section III, the usage of the Kmenta approximation itself may lead to biased results, although it remains unclear whether elasticities are over-or underestimated (Thursby and Lovell , 1978) . In this context the former potentially seems to be the case. Furthermore, valued on the basis of the multiple R-squared, non-linear estimations perform clearly better than those relying on standard linear procedures. In some cases of the Kmenta apporach R-squared is even negative, indicating that using the simple average would perform better than an estimation building on a Kmenta approximation of the CES function in question. According to our estimations, the Kmenta approach performs in particular bad in cases where ρ is relatively low, respectively σ relatively high. This result is also in line with the observations of Thursby and Lovell (1978) . Overall, the comparatively poor performance of the non-linear estimation approach supports our preference with respect to non-linear estimation procedures. The time series character of our data allows us to engage in an additional analysis and makes it possible to investigate whether substitution elasticities change over time. In the economic literature, technological progress within the CES framework is mainly understood as a change in input productivity and researchers focus primarily on determining λ in Equations 9 and 4. But in principle the CES framework for production functions leaves room for technological change affecting not only productivity but also the substitutability between different production inputs. In this case a modified CES function which takes into account changes of the substitution parameter over time and incorporates Hicks-neutral technological change would take the form:
The textile industry at the end of the 18th century provides an excellent example of this form of technological change. As looms became more and more advanced, human labour could be replaced more easily in the production process. Eventually this had a huge effect on business and society in that period. Embarking on a simple approach, we test whether we can observe a change in input substitutability over time by reestimating and comparing σ for two different time periods (1995 to 1997 and 2004 to 2006) . Table VII summarises the results to this regard. In the bottom and middle nest, the hypothesis that the substitution elasticities do not change over time can be rejected for about a third of the sectors under investigation. The inverse holds true for the the top nest and a significant change in the substitutability between materials and the labour-capital-energy composite can be observed for two thirds of the sectors. Hence, although significantly changing substitution elasticities appear not to be a problem for the majority of our estimations, the issue is potentially important. As a consequence, in future research this particular dimension of technological progress needs be taken into account and should be investigated with more rigour. Ultimately this will require studying longer time periods as those under investigation so far in studies on the substitutability of inputs and also a formalisation of the issue within the CES framework. Elasticities, in particular substitution elasticities, are vital parameters for any microconsistent economic model and crucially influence the results of counterfactual policy analysis. But so far only few consistent estimates of elasticities exist. With this paper we aim at overcoming this problem. Building on a rich dataset based on the WIOD data, we systematically estimate substitution elasticities for a comprehensive set of sectors using different non-linear estimation procedures.
Our results show that compared to standard linear estimations using Kmenta approximations, non-linear estimation techniques perform significantly better in this context. Moreover, no significant change in input substitutability takes place over during the time period we consider. Hence for most sectors we do not observe technological change through this channel. Although technological progress in the form of changing substitution elasticities may potentially be an issue when studying longer time periods. On the basis of our estimations, we demonstrate that the common practice of using Cobb-Douglas or Leontief production functions in economic models must be rejected for the majority of sectors. As a consequence we object a simplified approach to the choice of substitution elasticities in the framework of policy oriented economic modelling. In particular in response to this result, we provide a comprehensive set of consistently estimated substitution elasticities covering 35 sectors. Therewith we hope to make a valuable contribution to making instruments designed to evaluate policy measures ex-ante more reliable and support policy makers in their efforts to cope with global environmental problems such as climate change. 
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